
US 20040100313A1 

(12) Patent Application Publication (10) Pub. N0.: US 2004/0100313 A1 
(19) United States 

Ch0 (43) Pub. Date: May 27, 2004 

(54) DELAY LOCKED LOOP HAVING LOW (52) US. Cl. ............................................................ .. 327/158 
J ITTER IN SEMICONDUCTOR DEVICE 

57 ABSTRACT 
(76) Inventor: Seong-Ik Ch0, Ichon-shi (KR) ( ) 

C d Add _ A DLL circuit having a low jitter in a semiconductor device, 

BirliegEYeggK TAYLOR & Z AFMAN includes a delay model unit for compensating'a time differ 
1 2 4 0 0 WILSHIRE BOULEVARD SEVENTH ence betWeen an external clock signal and an internal clock 
FLOOR ’ signals and generating a compensation signal; an input 

buffer for receiving a reference clock signal and an inverted 
LOS ANGELES’ CA 90025 (Us) clock signal, and for outputting a clock signal and an 

_ inverted clock signal activated at each edges of the reference 
(21) Appl' NO" 10/636’818 clock signal and the inverted clock signal; a phase detection 
22 Fl (12 A _ 7 2003 unit for generating a comparison signal by comparing the 

( ) 1 6 ug ’ compensation signal With the inverted clock signal, and for 
(30) Foreign Application Priority Data outputting the comparison signal With a normal mode or a 

fast mode; a control unit for generating a plurality of control 
Nov. 27, 2002 (KR) ..................................... .. 2002-74233 Signals by receiving the Comparison signal, the inverted 

clock signal and the clock signal; a delay unit for delaying 
Publication Classi?cation in response to the plurality of control signals; and an output 

buffer for outputting a delayed clock signal by receiving an 
(51) Int. Cl.7 ..................................................... .. H03L 7/00 output signal of the duty corrector. 

[210 DLL_CLK 
I 

FBTCLK DELAY MODEL UNIT ‘ 

FIEF_CLK/B (- ———————————— - — 1/ 230 

I I I > NORMAL PHASE 1 23‘ I UP/DN 
I 7 TI > DETECTOR : 

INPUT | _ 2 l 
BUFFER | ' PHASE DETECTOR ’ 23 | 

I = FOR FAST MODE I 

220 I. _L_—_:~_—_2—Z1::—_—_1—_—_—_:J_ _ _ _ _ w _ _ . _ ~ _ _ _ _ _ _ _ _ _ _ __ _ L252 

1 j ‘I | [260 
' ‘ CLOCK LOW PASS 2 ' 
I V -" 42 I OUTPUT 
i DIVIDEH HLTER : BUFFER 

I I I 243 I L L244 } I 
I | 

INITIAL PHASE ~—> | UP DOWN COUNTER I 
l CONTROLLER / : 

CLK_B I M88 I245 1 LSB [246 ‘ 
I COARSE DELAY I 

CLK I SELECTION DECODER M'X'NG DECODER I 
L____ __________ _____ __________ _____ ______ __J 250 
|-~——— —————————— ——'-—- ————————— ——-—— ——————— —"——£——\ 

| I [251 V [252 v I [253 [254 l 
I HALF DIGITAL COAFISE DELAY UNIT —> ANALOG I 
| MUX ‘ | 
: II / PHASE MIXER V CORRECTOR T 
i : HALF DIGITAL COARSE DELAY UNIT : 



Patent Application Publication May 27, 2004 Sheet 1 0f 2 US 2004/0100313 A1 

FIG. 1 
(PRIOR ART) 

,110 
Fbc'k DELAY MODEL UNIT <____ 

,120 

__ PHASE DETECTOR———+ / 130 

COUNTER AND DECODER 

l [140 
c'ock DIGITAL DELAY LINE 





US 2004/0100313 A1 

DELAY LOCKED LOOP HAVING LOW .IITTER IN 
SEMICONDUCTOR DEVICE 

FIELD OF THE INVENTION 

[0001] The present invention relates to a semiconductor 
device; and, more particularly, to a delay locked loop circuit 
having a loW jitter by using a digital phase mixer in the 
semiconductor device. 

DESCRIPTION OF RELATED ART 

[0002] Generally, a clock signal is employed to set a 
timing reference and secure a rapid operation Without any 
error in a system or a circuit. At this time, a time delay is 
generated When the clock signal provided from the external 
circuit is used in an internal circuit. The time delay is 
adjusted by using a delay locked loop (DLL) circuit to 
synchroniZe the phase of the external clock signal With that 
of the internal clock signal. 

[0003] FIG. 1 is a block diagram shoWing a conventional 
DLL circuit. The conventional DLL circuit includes a delay 
model unit 110, a phase detector 120, a counter and decoder 
130 and a digital delay line 140. The delay model unit 110 
is used to compensate a time difference betWeen an external 
clock signal and an internal clock signal, and generate a 
compensation signal Fbclk and the phase detector 120 
compares the compensation signal Fbclk With an external 
clock signal Clock and generates a comparison signal. The 
counter and decoder 130 generates a control signal for 
adjusting amount of delay according to the comparison 
signal outputted from the phase detector 120. The digital 
delay line 140 delays the external clock signal Clock accord 
ing to the control signal from the counter and decoder 130. 

[0004] In the conventional DLL circuit, since one cycle 
delay line is required to cover a clock frequency to be used 
in a system, there is a problem that the delay is sensitively 
varied according to a noise. Also, since the DLL circuit is 
structured With the one cycle delay line, poWer consumption 
and area are increased and, after delay is locked, there is a 
problem that a jitter may be increased due to a noise of a unit 
delay in the delay line 140. 

SUMMARY OF THE INVENTION 

[0005] It is, therefore, an object of the present invention to 
provide a delay locked loop (DLL) circuit reducing a jitter 
by using a digital phase mixer for mixing signals outputted 
from tWo delay lines. 

[0006] In accordance With an aspect of the present inven 
tion, there is provided a DLL circuit having a loW jitter, 
including: a delay model unit for compensating a time 
difference betWeen an external clock signal and an internal 
clock signals and generating a compensation signal; an input 
buffer for receiving a reference clock signal and an inverted 
clock signal, and for outputting a clock signal and an 
inverted clock signal activated at each edges of the reference 
clock signal and the inverted clock signal; a phase detection 
unit for generating a comparison signal by comparing the 
compensation signal With the inverted clock signal, and for 
outputting the comparison signal With a normal mode or a 
fast mode; a control unit for generating a plurality of control 
signals by receiving the comparison signal, the inverted 
clock signal and the clock signal; a delay unit for delaying 
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in response to the plurality of control signals; and an output 
buffer for outputting a delayed clock signal by receiving an 
output signal of the duty corrector. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The above and other objects and features of the 
instant invention Will become apparent from the folloWing 
description of preferred embodiments taken in conjunction 
With the accompanying draWings, in Which: 

[0008] FIG. 1 is a block diagram shoWing a conventional 
DLL circuit; and 

[0009] FIG. 2 is a block diagram illustrating a loW jitter 
DLL circuit having a digital phase mixer in accordance With 
the preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0010] Hereinafter, a delay locked loop (DLL) circuit 
having a loW jitter by using a digital phase mixer for mixing 
signals outputted from tWo delay lines an according to the 
present invention Will be described in detail referring to the 
accompanying draWings. 
[0011] FIG. 2 is a block diagram illustrating a loW jitter 
DLL circuit having a digital phase mixer in accordance With 
the preferred embodiment of the present invention. The DLL 
circuit includes a delay model unit 210, an input buffer 220, 
a phase detector 230, a controller 240 and a delay line unit 
250. 

[0012] The delay model unit 210 is used for compensating 
a time difference betWeen a clock signal inputted from an 
external circuit and an internal clock signal substantially 
used in the system and outputs a compensation signal 
FB_CLK, and the compensation signal is inputted to the 
phase detector 230. 

[0013] Also, the input buffer 220 receives a reference 
clock signal and an inverted reference clock signal REF 
_CLK/B and generates a clock signal CLK and an inverted 
clock signal CLK_B activated at a rising edge of the 
reference clock signal and the inverted reference clock 
signal REF_CLK/B. The clock signal is inputted to the 
controller 240 and the delay line unit 250. 

[0014] A normal phase detector 231 included in the phase 
detector 230 compares the compensation signal outputted 
from the delay model unit 210 With the inverted clock signal 
CLK_B, and generates a comparison signal UP/DN to 
thereby determine a count up/doWn mode. The comparison 
signal UP/DN is inputted to a loW pass ?lter 242 and an 
initial phase control unit 243 included in the controller 240. 
Aphase detector for a fast mode 232 included in the phase 
detector 230 compares the compensation signal outputted 
from the delay model unit 210 With the inverted clock signal 
CLK_B outputted from the input buffer 220. When a phase 
difference betWeen the compensation signal and With the 
inverted clock signal CLK_B is over amount of a delay of 
the unit delay, the comparison signal UP/DN is generated. 
The comparison signal UP/DN is outputted to an up/doWn 
counter 244 included in the controller 240. 

[0015] The controller 240 receives the comparison signal 
UP/DN outputted from the phase detector 230 and the clock 
signal CLK and the inverted clock signal CLK_B, and 
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outputs a plurality of control signals for controlling a delay 
in response to the comparison signal UP/DN. The control 
signals are outputted to the delay unit 250. 

[0016] Hereinafter, an operation of the controller 240 Will 
be described. A clock divider 241 included in the controller 
240 receives the inverted clock signal CLK_B and the clock 
signal from the input buffer 220, and divides the inverted 
clock signal CLK_B and the clock signal CLK. The divided 
clock signals are outputted to the loW pass ?lter 240, the 
initial phase control unit 243 and the up/doWn counter 244. 
The reason for dividing the inverted clock signal CLK_B 
and the clock signal CLK is to have a time delay capable of 
compensating a delay due to the comparison signal UP/DN 
in the phase detector 230. 

[0017] The loW pass ?lter 242 included in the controller 
240 receives the comparison signal UP/DN from the phase 
detector 230 and an output signal from the clock divider 241. 

[0018] The initial phase control unit 243 in the controller 
240 receives the output signal from the clock divider 241 
and the comparison signal UP/DN from the phase detector 
230, and, When a current state is determined as an initial 
state in response to the above signals, outputs an inverted 
clock selection signal and an enable signal to the delay unit 
250 and the up/doWn counter 244, otherWise, outputs a clock 
selection signal to the delay unit 250. 

[0019] An operation of the up/doWn counter 244 is started 
When the enable signal is received from the initial phase 
control unit 243, and receives an output signal from the 
controller 243, the comparison signal outputted from the 
phase detecting unit 230 and an output signal of the loW pass 
?lter 242. The up/doWn counter 244 generates a most 
signi?cant bit (MSB) signal by counting the comparison 
signal outputted from the phase detector for fast mode 232 
and a least signi?cant bit (LSB) signal by counting the 
output signal of the loW pass ?lter. The MSB signal is 
inputted to the coarse delay selection decoder 245 and the 
LSB signal is inputted to the mixing decoder 246. 

[0020] The coarse delay selection decoder included in the 
controller 240 generates a delay control signal for amount of 
delay by receiving the MSB signal from the up/doWn 
counter 244, and the delay control signal is inputted to the 
delay unit 250. 

[0021] A mixing decoder 246 in the control unit 240 
generates a mixing control signal for controlling a phase 
mixing operation by receiving the LSB signal from the loW 
pass ?lter 242. The mixing control signal is inputted to the 
delay unit 250. 

[0022] The delay unit 250 includes a multiplexer (MUX) 
251, half digital coarse delay units 252, a digital phase mixer 
253 and an analog duty corrector 254. The delay unit 25 
delays the inverted clock signal and the clock signal accord 
ing to the control signals outputted from the control unit 240, 
mixes the delayed clock signals according to the mixing 
control signal and performs a duty correction operation for 
an output signal of the digital phase mixer 253. 

[0023] The MUX 251 transmits the inverted clock signal 
CLK_B to the half digital coarse delay units 252 When the 
inverted clock selection signal is inputted therein and trans 
mits the clock signal CLK to the half digital coarse delay 
units 252 When the clock selection signal is inputted therein. 
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[0024] TWo half coarse delay lines 252, Which one of half 
coarse delay line has a delay difference With another half 
coarse delay line, receives the delay control signal and the 
inverted clock signal CLK_B or the clock signal CLK from 
the MUX 251, and delays the inverted clock signal CLK_B 
or the clock signal CLK according to the delay control signal 
outputted from the coarse delay selection decoder 245. The 
tWo delayed signals are inputted to the digital phase mixer 
253. 

[0025] The digital phase mixer receives the mixing control 
signal and tWo delayed clock signals from the tWo half 
coarse delay lines, and mixes tWo delayed clock signals to 
have a ?ne delay according to the mixing control signals. An 
output signal of the digital phase mixer 253 is inputted to the 
analog duty corrector 254. The duty corrector performs a 
duty correction operation for the output signal of the digital 
phase mixer through a feedback process. 

[0026] The output buffer 260 receives the output signal of 
the analog duty corrector 254 and performs the duty cor 
rection operation through a feedback process. 

[0027] An operation of the DLL circuit having a loW jitter 
Will be described in accordance With the present invention. 

[0028] After the clock signal CLK and the inverted clock 
signal CLK_B is generated by receiving the reference clock 
signal and the inverted clock signal REF_CLK/B in the 
input buffer 220, the phase detecting unit 230 compares the 
compensation signal FB_CLK outputted from the delay 
model unit 210 and the inverted clock signal CLK_B from 
the input buffer 220 to thereby generate the comparison 
signal UP/DN. The normal phase detector 231 compares the 
compensation signal FB_CLK and the inverted clock signal 
CLK_B and generates a ?rst comparison signal UP/DN. The 
?rst comparison signal UP/DN is inputted to the loW pass 
?lter 242 and the initial phase control unit 243. The phase 
detector for fast mode 232 compares the compensation 
signal FB_CLK and the inverted clock signal CLK_B and 
generates a second comparison signal to the up/doWn 
counter 144 in the control unit 240 When a delay difference 
betWeen the compensation signal FB_CLK and the inverted 
clock signal CLK_B is over amount of a delay of one unit 
delay. 
[0029] Subsequently, the initial phase controller 243 
receives the output signal of the clock divider 241 and the 
?rst comparison signal from the phase detecting unit 230, 
and generates the inverted clock selection signal and the 
enable signal When the current state corresponds to the 
initial state determined according to the output signal of the 
clock divider 241 and the ?rst comparison signal from the 
phase detecting unit 230, or the clock selection signal When 
the current state is not an initial state to the delay unit 250. 

[0030] The MUX 251 transmits the inverted clock signal 
CLK_B to the half digital coarse delay units 252 When the 
inverted clock selection signal is inputted therein, and trans 
mits the clock signal CLK to the half digital coarse delay 
units 252 When the clock selection signal is inputted therein. 
TWo half coarse delay lines 252 receives the delay control 
signal and the inverted clock signal CLK_B or the clock 
signal CLK from the MUX 251, and delays the inverted 
clock signal CLK_B or the clock signal CLK according to 
the delay control signal outputted from the coarse delay 
selection decoder 245. The tWo delayed signals are inputted 
to the digital phase mixer 253. 
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[0031] The digital phase mixer receives the mixing control 
signal and tWo delayed clock signals from the tWo half 
coarse delay lines, and mixes tWo delayed clock signals to 
have a ?ne delay according to the mixing control signals. An 
output signal of the digital phase mixer 253 is inputted to the 
analog duty corrector 254. The duty corrector performs a 
duty correction operation for the output signal of the digital 
phase mixer through a feedback process. 

[0032] Since the initial phase control unit is employed in 
the DLL circuit in accordance With present invention, a half 
delay line is required for a frequency to be used in the DLL. 
Also, tWo delay lines having a delay difference as much as 
amount of delay of one unit delay each other is used to 
reduce a jitter by mixing the output signals of tWo delay 
lines. 

[0033] While the present invention has been described 
With respect to the particular embodiments, it Will be appar 
ent to those skilled in the art that various changes and 
modi?cations may be made Without departing from the spirit 
and scope of the invention as de?ned in the folloWing 
claims. 

What is claimed is: 
1. A DLL circuit having a loW jitter, comprising: 

a delay model unit for compensating a time difference 
betWeen an external clock signal and an internal clock 
signal, and generating a compensation signal; 

an input buffer for receiving a reference clock signal and 
an inverted clock signal, and for outputting a clock 
signal and an inverted clock signal activated at each 
edge of the reference clock signal and the inverted 
clock signal; 

a phase detection unit for generating a comparison signal 
by comparing the compensation signal With the 
inverted clock signal, and for outputting the compari 
son signal With a normal mode or a fast mode; 

a control unit for generating a plurality of control signals 
by receiving the comparison signal, the inverted clock 
signal and the clock signal; 

a delay unit for delaying in response to the plurality of 
control signals; and 

an output buffer for outputting a delayed clock signal by 
receiving an output signal of the duty corrector. 

2. The DLL circuit as recited in claim 1, Wherein the phase 
detecting unit includes: 

a normal phase detector for comparing the compensation 
signal and the inverted clock signal and for outputting 
a ?rst comparison signal to the control unit; and 

a phase detector for a fast mode for comparing the 
compensation signal and the inverted clock signal and 
for outputting a second comparison signal to the control 
unit When a delay difference betWeen the compensation 
signal and the inverted clock signal is over than amount 
of delay of one unit delay. 
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3. The DLL circuit as recited in claim 2, Wherein the 
control unit includes: 

a clock divider for receiving the inverted clock signal and 
the clock signal, and for dividing the inverted clock 
signal and the clock signal; 

a loW pass ?lter for receiving the comparison signal and 
an output signal of the clock divider; 

an initial phase controller for receiving the output signal 
of the clock divider and the comparison signal, and for 
outputting an inverted clock selection signal and an 
enable signal When a current state is an initial state 
determined according to the output signal of the clock 
divider and the comparison signal, and for outputting a 
clock selection signal When the current state is not an 
initial state; 

an up/doWn counter, Which is operated by receiving the 
enable signal, receiving the output signal of the clock 
divider, the second comparison signal and an output 
signal of the loW pass ?lter, and for generating a most 
signi?cant bit (MSB) signal by counting the second 
comparison signal and a least signi?cant bit (LSB) 
signal by counting the output signal of the loW pass 
?lter; 

a coarse delay selection decoder for receiving the MSB 
signal and generating a delay control signal to adjust 
amount of delay of the delay line according to the MSM 
signal; and 

a mixing decoder for receiving the LSB signal and for 
generating a phase mixing control signal to the phase 
mixer according to the LSB signal. 

4. The DLL circuit as recited in claim 3, Wherein the delay 
unit includes: 

a multiplexer (MUX) for transmitting the inverted clock 
signal When the inverted clock selection signal is 
inputted therein and for transmitting the clock signal 
When the clock selection signal is inputted therein; 

tWo half coarse delay lines receiving the delay control 
signal and the inverted clock signal or the clock signal 
from the MUX, and for delaying the inverted clock 
signal or the clock signal according to the delay control 
signal; 

a digital phase mixer for receiving the mixing control 
signal and tWo delayed clock signals from the tWo half 
coarse delay lines, and mixing tWo delayed clock 
signals to have a ?ne delay according to the mixing 
control signals; and 

a duty corrector for performing a duty correction for an 
output signal of the digital phase mixer through a 
feedback process. 


